Abstract-The three-dimensional Gaussian beam transmission through a ferrite-semiconductor multilayer structure in the Faraday geometry is considered. The beam field is represented by an angular continuous spectrum of plane waves. In the long-wavelength limit, the studied structure is described as a gyrotropic medium defined by the effective permittivity and effective permeability tensors. The investigations are carried out in the frequency band where the real parts of the diagonal elements of both effective permittivity and effective permeability tensors are close to zero. In this frequency band the studied structure is referred to a gyrotropic-nihility medium. It is found out that a Gaussian beam can pass through such a system practically without any distortion.
I. INTRODUCTION
The conception of nihility was firstly introduced in the paper [1] for a medium, whose material parameters are close to zero (ε ≈ 0, µ ≈ 0). Further this conception was extended for an isotropic chiral medium [2] . In this case the permittivity and permeability of the medium remain to be close to zero while the chirality parameter is maintained at a finite value. It was found out that in such an isotropic chiral-nihility medium there are two eigenwaves with right and left circularly polarized states, and one of these eigenwaves experiences the backward propagation. In particular, it results in some exotic characteristics in the waves transmission through a single layer and multilayer system consisted of chiral-nihility media [3] .
The circularly polarized eigenwaves are also inherent to magneto-optic (gyrotropic) media (e.g. ferrites or semiconductors) in the presence of an external static magnetic field biased in the longitudinal geometry to the direction of wave propagation (Faraday configuration) [4] . Such media are characterized by the permeability or permittivity tensor with nonzero diagonal elements (gyrotropic parameters). Combining gyromagnetic (ferrite) and gyroelectric (semiconductor) materials into a certain unified structure, it is possible to reach gyrotropic-nihility condition within a narrow frequency range where the real parts of diagonal elements of both permeability and permittivity tensors simultaneously acquire zero while the gyrotropic parameters are far from zero. In particular, in a finely stratified ferrite-semiconductor structure such a condition is valid nearly the frequencies of ferromagnetic and plasma resonances [5] . This structure has many interesting features, such as complete transmission, impedance matching, backward propagation which are of special interest in the transformation optics.
The goal of this report is to show the ability of such a gyrotropic-nihility finely stratified structure to transmit a Gaussian beam practically without any distortion.
II. PROBLEM STATEMENT AND SOLUTION
A stack of N identical double-layer slabs (unit cells) which are arranged periodically along the z axis is investigated (Fig. 1 ). Each unit cell is composed of ferrite (with constitutive parameters ε 1 ,μ 1 ) and semiconductor (with constitutive parametersε 2 , µ 2 ) layers with thicknesses d 1 and d 2 , respectively. The structure's period is L = d 1 + d 2 , and in the x and y directions the system is infinite. An external static magnetic field M is directed along the z axis (Faraday configuration). The input z ≤ 0 and output z ≥ N L half-spaces are homogeneous, isotropic and have constitutive parameters ε 0 and µ 0 . A periodic stack of one-dimensional double-layer ferritesemiconductor structure in the Faraday configuration under Gaussian beam illumination.
The auxiliary coordinate system x in , y in , z in is introduced to describe the incident beam field [6] , [7] . In it, the incident field Ψ in = E in , H in is written as a continued sum of the partial plane waves with the spectral parameter κ in (it has a sense of the transverse wave vector of the partial plane wave):
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where the vector P = z 0 × n describes the field polarization. In the structure coordinates x, y, z, the vector n is characterized via the components (cos θ in cos ϕ in , cos θ in sin ϕ in , 0), θ in = 90
• − ψ in , z 0 is the basis vector of z-axis, and the vector b in describes the direction of the incident beam propagation
is the spectral density of the beam in the plane z in = 0,
The transmitted field is written as
where
< π, and τ υυ and τ υ υ are the complex transmission coefficients (υ, υ = s, p) of the partial plane electromagnetic waves. They depend on the frequency of the incident field, angles (ψ in , ϕ in ) and other electromagnetic and geometric parameters of the structure. The coefficients with coincident indexes (υυ) describe the transformation of the incident wave of the perpendicular (υ = s) or the parallel (υ = p) polarization into the co-polarized wave, and the coefficients with distinct indexes (υ υ) describe the transformation of the incident wave into the cross-polarized wave at the structure output. The left and right indexes correspond to the polarization states of the incident and transmitted waves, respectively. The corresponding transmission coefficients are determined using some longwave approximation which allows us to transform the rigorous solution of the Cauchy problem [4] related to the tangential field components.
In the long-wavelength limit, when the characteristic dimensions of the structure (d 1 , d 2 , L) are significantly smaller than the wavelength in the corresponding layer (d 1 λ, d 2 λ, L λ), the interaction of electromagnetic waves with the studied periodic gyromagnetic-gyroelectric structure is described analytically using the effective medium theory [5] . From its viewpoint, the periodic structure is presented approximately as an anisotropic (gyrotropic) uniform medium whose optical axis is directed along the structure periodicity, and this medium is described with some effective permittivitŷ ε e and permeabilityμ e tensors (Fig. 2) . By this means, the investigation of the wave interaction with an inhomogeneous periodic structure is reduced to the solution of the boundaryvalue problem of conjugations of an equivalent homogeneous anisotropic layer with surrounding spaces.
It is revealed [5] that there is a frequency f gn ≈4.94 GHz where µ T e and ε T e simultaneously reach zero. It is significant that, by special adjusting ferrite and semiconductor type, external static magnetic field strength and thicknesses of layers, it is possible to obtain the condition when µ T e and ε T e acquire zero at the same frequency. Exactly this gyrotropic-nihility condition is marked in the insets of Fig. 2 with circles. Note that at this frequency, the gyrotropic parameters α e and β e are far from zero and the medium losses are small. It is anticipated that if the frequency of the electromagnetic wave which incidents on a finite layer of such composite medium is chosen to be nearly the frequency of the gyrotropicnihility condition f gn , the transmitted field will acquire some unusual properties. In order to demonstrate this, in the longwavelength limit, the angular dependences of the transmission coefficient of the co-polarized and cross-polarized partial plane monochromatic waves at two different frequencies are calculated (Fig. 3) . The first frequency is chosen to be far from the frequencies of the ferromagnetic and plasma resonances and the second one is selected to be at the gyrotropic-nihility frequency. One can see that in the first case, at the frequency of f = 20.0 GHz, the curves of the magnitude of the transmission coefficient have typical form where the total transmission at a certain angle of incidence occurs only for the wave of parallel polarization. Note that at this frequency, the crosspolarized transmission is small. On the other hand, at the gyrotropic-nihility frequency (f = 4.94 GHz), the curves of the transmission coefficient magnitude are different drastically from that ones in the first case. Thus, the level of the transmission remains to be invariable almost down to the glancing angles. The cross-polarized transmission is considerable, and the conditions |τ pp | ≈ |τ ss | and |τ ps | ≈ |τ sp | are valid in all range of angles. Since the beam field is represented by an angular continuous spectrum of plane waves, the transmitted beam distribution depends on the angular characteristic of the transmission coefficient of spatial plane monochromatic waves at a particular frequency. We consider an incident Gaussian beam with the spectral density assigned due to the law
, where w = {w x , w y }, w x and w y are the beam widths along x in and y in axis, respectively, H v (·) is the Hermit polynomial of vth order (v = m, n). In this report we restrict ourselves to the case of the zeroth-order (m = n = 0) beam. The final distribution of the transmitted beam is given in Fig. 4 where the results are presented for two distinct frequencies and orthogonal polarizations. One can see that at the frequency of the gyrotropic-nihility condition the transmitted beam distribution is without any significant distortion and practically the same for s-and p-polarized beams even under the oblique incidence of the primary beam. trodynamics of layered composites with chiral properties and multifunctional planar systems", Project No. 0112 U 000561.
